timber volume of 448 000 m 3 were either snapped or blown.
In two articles the results are presented of a research project that was based on data from stands which were wind thrown by this storm. The objective of the research project was to identify the factors associated with catastrophic wind blow which impact on revenue and to establish methods or procedures to quantify the revenue impact of these factors. The factors that were identified during the research project were:
• Stumpage prices of wind-thrown material are lower than for equivalent standing timber due to higher harvesting costs, increases in the downgrade of logs to lower price categories as a result of stem breakage, and higher levels of uncertainty for the purchasers of the timber.
• The current (wind-thrown) stands incur growth losses as a result of being harvested prior to the completion of the standard (economic) rotation.
• The earlier removal of the current rotations results in the earlier start of the next rotations.
• For environmental and aesthetic reasons, replacement stands will contain a different configuration of species and productive areas compared with the present ones.
• To minimize the impact of the wind throw on timber supplies, the felling of stands which had reached the standard felling age had to be deferred. The economic impact of delaying felling beyond the standard ages was examined.
This first of the two articles focuses on the short-term financial impacts of wind throw, i.e. the reduction in stumpage values as a result of higher downgrading levels, increased harvesting costs and additional uncertainty for the timber purchasers. In the second article (Nieuwenhuis and O'Connor, 2001) , the long-term impacts on the revenue of the current wind-blown rotation and the subsequent rotation are analysed and added to the short-term losses to produce an overall estimate of the financial losses resulting from catastrophic wind blow.
Wind throw and economics
Losses due to wind throw can be substantial and include reductions in harvestable timber due to breakage and degradation, increased harvesting costs, loss of potential production, and temporary glutting of the market. The wind-blown timber may also become a breeding source for damaging insect pests. The profitability of forestry is very sensitive to the rate of wind throw (Quine, 1995) . In New Zealand, Manley and Wakelin (1989) showed that a 1 per cent annual wind-throw rate reduces productivity to 90 per cent of that of the undamaged forest, while a 4 per cent rate results in only 63 per cent of the maximum productivity.
In Britain, premature felling in anticipation of wind throw was identified as a major factor in the £5.6 million revenue foregone per year due to harvesting at non-optimum economic age. As many as 37 per cent of all stands felled were harvested >5 years before the age of maximum economic return (National Audit Office, 1993) . Terminal height for wind-throw-susceptible crops is defined as the top height at which 40 per cent of the stems within a stand have blown down, and it has been the practice to recommend felling at this stage to enable recovery of the full productive capacity of the site. In practice, managers have often decided to clearfell long before terminal height, but the decision to fell should be based on a proper economic assessment of whether or not it would be more profitable to retain the crop (Insley et al., 1987) .
In some circumstances it is more profitable to delay clearfelling because the proportion of the crop which remains standing is increasing in value at a rate which exceeds the losses on the blown trees. The decision about when to fell depends on the stage of growth, the degree of existing damage and the expectation of how damage is likely to progress. A decision can be made by comparing the value of the crop if felled immediately, with the value at some future date, discounted to the present, under one or more assumptions about the rate of expansion of damage. In this way it can be ascertained how much damage can be tolerated before it becomes uneconomical to keep the crop standing (Insley et al., 1987) .
In New Zealand, other losses from wind damage have been identified which are rarely considered or attributed to wind. One of these is butt log malformation, largely resulting from severe lean commonly found in planted Pinus radiata at age 2 years (Somerville, 1995) . Wind also caused leader damage and the resulting malformation meant lower yields at harvest. Resin pockets are a significant degrading factor in radiata pine over parts of New Zealand. Wind is likely to be a contributing factor in their formation (Clifton, 1969) .
Materials and methods

The study area
The study is based on data from the south of Ireland (Figure 1 ). This region, one of the six in Coillte Teoranta (the Irish Forestry Board), covers all Coillte forests in Counties Cork and Waterford, most in County Kerry and some in County Limerick.
Forest resource analysis of the southern region
Coillte's total land area in the region was 92 045 ha (in 1999), of which 85 561 ha, or 93.0 per cent, are either stocked with trees or clearfelled (Table 1 ). In 1999, 3.6 per cent of the total area was classified as unplantable.
Topography and soils
Forty-one per cent of the 85 561 ha which was stocked or clearfelled in the region was located in areas which were classified as highly exposed and a further 3.9 per cent in areas which were deemed to be severely exposed ( stocked and clearfelled areas (Table 4) . Peat soils covered almost 33 per cent and gley soils constituted 10.6 per cent of these areas.
Species distribution in the region
The primary species in the region were Sitka spruce (Picea sitchensis (Bong.) Carr.), which constitutes 70 per cent of the total planted area (Table 5) , and lodgepole pine (Pinus contorta Dougl.), which accounts for 15 per cent of the area planted. The level of lodgepole pine planting decreased dramatically over the decades, going from >4500 ha in the period 1961-1970 to slightly over 500 ha in the period post-1990.
Only 14 per cent of all stands in the region were over 38 years of age (i.e. planted in 1960 or before).
Stumpage prices for wind-thrown material
Regional analysis was carried out to compare stumpage prices for wind-thrown material to those of similar clearfell material. Invoiced sales in the southern region of Coillte for 1998 were analysed. A 5 per cent discount rate was used in all analysis, which is the standard within Coillte. Normal discounting and investment appraisal techniques and conventions were complied with and all financial results are presented in Irish pounds (IR£). Stumpage prices for wind-thrown material (W) were compared to those for normal clearfell (C) and premature clearfell (P) material. The analysis was carried out using the average tree size for each sale. When selecting the data for analysis, only sales for which Sitka spruce constituted 80 per cent or more of the volume of the sale were used. Data for a total of 36 500 m 3 of C and P material and a total of 113 190 m 3 of W material were analysed. The stumpage prices per m 3 by average tree size from invoiced sales for C and P material were applied to the actual volume invoiced for W material. Having calculated these values and compared them with the corresponding actual invoiced values for the W material, it was possible to arrive at the loss for the windthrown material in percentage terms and also as a value per m 3 .
As the wind-thrown material directly substituted for planned C and P material, there was no increase in average haulage distance. Therefore the amount by which the stumpage price for W material was lower than for C and P material can be attributed to downgrade, harvesting cost and uncertainty.
Downgrade Invoiced sales data by potential end product (PEP) were analysed to quantify the downgrade of material which could be attributed to wind throw. The level of downgrade, i.e. sawlog to pallet, sawlog to pulp, and pallet to pulp, for C and P material for the region in 1997 was quantified. This level of downgrade was assumed to be the level due to normal defects and quality requirements. It was then possible to arrive at the additional downgrade due to wind throw by comparing the downgrade in the l998 PEPs for W against the levels for C and P in 1997. These values were calculated in terms of percentage increase in downgrade and in £/m 3 . Because of very flexible assortment specifications, especially in the case of pulp, the amount of timber cut-to-waste and left in the forest was not any greater for W material than for C and P material.
Harvesting cost Harvesting costs, obtained from Coillte's management information system, were examined by average tree size for W material as against those for C and P, for the year 1998. Differences were calculated on a £/m 3 and percentage basis.
Uncertainty Uncertainty is the remaining element of lower stumpage prices after downgrade and harvesting costs have been accounted for. To carry out proper quality assessment of wind-thrown material can be extremely difficult and sometimes impossible. The material may also contain defects, such as cracks and splits, which will not be visible until processing in the mill. The value attributed to uncertainty was assumed to be the reduction in stumpage price of W compared with P and C timber, minus both downgrade and increased harvesting cost.
Results
Stumpage prices for wind-thrown material
The analysis of Coillte invoiced sales for 1998, which was carried out by average tree size, showed that wind-thrown material had, on average, stumpage values 10.5 per cent less than those obtained for normal or premature clearfell material (Table 6 ). This was equivalent to a loss of £2.68 per m 3 . As expected, for most size categories the stumpage for wind-blown (W) material is lower than it is for clearfell (C) and premature clearfell (P) material. In the categories where a higher stumpage price applied for W, the overall invoiced volume for W was relatively low. The higher stumpage price in these cases may have been due to better quality. It may also have resulted from the attractive location and/or distance from processing mills. Finally, a high ratio of stakewood from a particular sale lot could have had a very positive impact on stumpage prices. Prices for stakewood were particularly good in l998.
A detailed analysis of each of the three elements that cause the lower stumpage prices was carried out and the results are presented below.
Downgrade Invoiced sales of C and P timber for 1997 were used as a baseline to quantify normal levels of downgrade due to defects and quality requirements. Analysis by PEP of 1998 invoiced sales of W material compared with PEPs for C and P material for 1997 resulted in the Quantities of sawlog downgraded to pallet and pulp categories and quantities of pallet downgraded to pulp were quantified and compared for W material in 1998 against the baseline C and P material in 1997. Additional downgrade, over and above the 1997 baseline value, accounted for an overall loss of 4.45 per cent of revenue or £1.14 per m 3 . In terms of PEPs, the downgrade over and above what is normal for similar standing material amounted to 3.69 per cent for sawlog to pallet, 3.62 per cent for sawlog to pulp and 6.81 per cent for pallet to pulp (Table 7) .
Harvesting cost The analysis of harvesting costs was carried out by average tree size (Table 8 ). For instance, for an average tree size of 0.125 m 3 to 0.174 m 3 , harvesting costs of £13.64 per m 3 for regular (C) and premature (P) clearfell material and £14.23 per m 3 for wind-thrown (W) material were multiplied by the volume harvested (i.e. 8900 m 3 ) in that average tree size category to arrive at the total harvesting costs for the size category. The same procedure was repeated for all average tree size categories. Totals were calculated for volume harvested, harvesting costs for C and P material and harvesting costs for W material. The total additional harvesting cost for W timber was then divided by the total windthrown volume harvested to arrive at the additional cost per m 3 to harvest W timber. The results indicated that W material cost an additional £0.47 per m 3 to harvest when compared with C or P material. This additional cost amounted to 1.84 per cent of revenue and represented an increase of 3.6 per cent in harvesting cost.
Uncertainty When both the downgrade and harvesting costs were deducted from the total stumpage loss, the remaining loss was defined as resulting from greater uncertainty associated with the purchase of wind-thrown (W) material. In effect, the loss in revenue associated with greater uncertainty was arrived at by deducting the 4.47 per cent loss resulting from downgrade plus the 1.84 per cent loss resulting from higher harvesting costs from the overall loss in stumpage revenue of 10.5 per cent. This resulted in a loss of revenue associated with uncertainty of 4.19 per cent for W timber compared with clearfell (C) or premature clearfell (P) material (Table 9 ).
Discussion
The objective of this study was to identify factors influencing the economic impact of catastrophic storm damage in Irish forestry and to quantify them based on 1997 data from the south of Ireland. This first of two articles deals with the direct impact of the wind throw on stumpage values. In the second article the long-term impact of wind blow on the overall revenues from the current and subsequent rotations is presented.
The study area used consisted of Coillte's southern region. The areas in this region where significant amounts of wind throw occurred were situated mainly within 20 miles of the coast, FINANCIAL IMPACT EVALUATION OF STORM DAMAGE. I 377 Increase in harvesting cost of W over C or P (%) 6 stretching from Bantry in the west to Waterford in the east (Figure 1) . The crops consisted mostly of high yield class Sitka spruce, growing on gley soils. Stumpage prices for wind-thrown material were analysed and compared to those for regular and premature clearfell material. The results were based on a 5 per cent discount rate.
Stumpage prices
After the storm of December, 1997, all of the wind-thrown material in Coillte's southern region was put into sales plans for marketing in the years 1998 and 1999, without changing the ratios of pulp, pallet and sawlog or the overall total volume of timber as planned prior to the occurrence of the storm. This was achieved by deferring to future years the harvest of other (still standing) stands, mostly clearfells but also some thinnings. The cost of this deferral (i.e. non-optimal rotations for the deferred stands) was analysed as part of the research project (O'Connor, 1999) , but is not reported in this article.
The volume of wind-thrown material harvested in the region in 1998 was 171 537 m 3 out of a total of 597 858 m 3 . The remainder of the windthrown material was harvested in 1999. Two years was considered the time-frame within which the material should be salvaged, so as to avoid any deterioration in quality. If the windthrown volumes had been substantially greater, more material, especially large dimension assortments (i.e. sawlog and pallet), would have had to be put on the market in order to complete the salvage in the 2 years. This situation would lead to an excess of supply over demand and consequently a downward pressure on prices. In these circumstances the reduction in stumpage prices could have been far greater than the 10.5 per cent loss which occurred in the southern region in 1998 as determined in this study. In the aftermath of the 1987 storm in Britain, prices within the affected area fell substantially, with sawlog prices falling by 38 per cent at the Cambridge auction in February 1988 (Grayson, 1989) . This prompted the Forestry Commission to establish a wet store to prevent prices deteriorating further. Similar action has been taken by the state forest service of Baden Wurttemberg in Germany after the severe storms of December 1999 (ButlerManning et al., 2000) .
Downgrade Downgrade losses are the result of stem breakage, which in turn is greatly influenced by soil type (Kennedy, 1974) . Immediately after the storm, forest managers surveyed the damage and their reports included details of the percentage of stems broken and shattered in each stand (Anon., 1998) . While some areas had exceptionally high breakage levels of 40-50 per cent, the total area in this category was very small, as these high levels of stem breakage only occurred on well-drained mineral soils. At the other end of the scale, quite substantial areas which suffered serious wind-blow damage had little or no stem breakage at all. The soil types in these areas were gleys and peats. The percentage of shattered stems in individual stands in the region generally ranged from 3 to 10 per cent, while the average was 5 per cent (T. McCarthy, personal communication, 1999) . In this study the increased level of downgrade in the wind-thrown material resulted in a £1.14 per m 3 or a 4.47 per cent loss in stumpage value when compared with regular clearfell or premature clearfell material. Harvest cost A decade ago, timber harvesting was almost totally a motor-manual operation. However, mechanization levels have increased dramatically since then and 90 per cent of all harvesting operations in the southern region in 1999 was carried out by harvesters. For safety and costefficiency reasons, practically all of the windthrown material was harvested in this manner. Similarly in Britain, following the 1987 storm, the performance of machine harvesters was deemed very satisfactory and this method of harvesting was associated with much lower accident rates than motor-manual systems (Grayson, 1989) . In this study, harvesting costs were 3.6 per cent or £0.47 per m 3 higher for the wind-thrown material than for similar standing clearfell material. This 3.6 per cent increase in harvesting costs amounted to a 1.84 per cent loss in stumpage value. Coillte's standard costs for harvesting contain an additional allowance of £1-1.50 per m 3 , depending on tree size, for harvesting windthrown material. The actual additional cost of £0.47 per m 3 was clearly less than the standard allowance and indicated that mechanized harvesting operations are less sensitive than motor-manual operations, in terms of productivity and unit costs, to stand conditions and the presence of wind-thrown material. Similar standard cost allowances are used in other countries. For instance, in interior British Columbia these additional harvesting costs for blown timber are accounted for through an appraisal cost allowance (Mitchell, 1995) .
Uncertainty Coillte sold all of the timber lots, which were not harvested directly by Coillte's own harvesting section, under the condition that it would retain all of the pulp material to fulfil its pulpwood supply contracts. Therefore the purchaser suffered no financial loss as a result of the increased amount of downgrading of sawlog or pallet size material to pulpwood, as the agreed purchase price per cubic metre only applied to the actual volume of pallet and sawlog harvested. The only uncertainty as regards downgrade that remained for the purchaser was related to estimating the quantity of sawlog which had to be downgraded to pallet and to the quantities of sawlog and pallet which had to be recovered in shorter lengths due to breakage. An additional area of uncertainty existed in the potential negative impact on the productivity and recovery of mills processing the wind-blown material, especially when a substantial percentage of the total mill supply is made up of this material. The average overall tree and log size of windthrown material is often smaller than for regular clearfell material. Some of the wind-thrown material may also be partly dry, which can lead to problems in the sawing and drying processes. Overall uncertainty was determined as a residual value and it accounted for £1.07 of the £2.68 per m 3 (or 4.19 per cent of the 10.5 per cent) in loss of stumpage value for wind-throw timber compared with standing material.
Conclusions
The objective of the research presented in this paper was to identify the factors which impacted in the short-term on timber revenue as a result of catastrophic storm damage and to establish methods or procedures to quantify the impact of each of these factors. The study was based on data from stands in the south of Ireland which were wind thrown during a major storm which occurred on 24 December 1997.
Stumpage prices for wind-thrown material were on average 10.5 per cent or £2.68 per m 3 less than for equivalent clearfell material. These losses were attributed to increased harvesting costs (1.84 per cent), more downgrade of sawlog and pallet material (4.47 per cent) and more uncertainty for the purchaser (4.19 per cent). As the volume of wind-thrown material harvested in the region in 1998 was 171 537 m 3 (out of a total of 597 858 m 3 ), the overall loss in revenue was almost £460 000.
